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Several monoclonal antibodies to human A-1 apolipoprotein were produced after immunising mice witii pure delipidated 
apoA-I. These monoclonal antibodies were characterised for their ability to react with whole lipoproteins, apoli- 
poprotehis and fragments of apoA-I generated by cleavage with cyanogen bromide. The data suggest that production of 

. monoclonal antibodies ushig apoA-I as antigen was ijafluenced by two. major epitopes' suhsequently localised to cyano^n 
broinilite fragments 1 and have been desig^i^ antibodies 1 -^ 5 A-I ° and 6 10 A•I^ respectively. Qam^n 
bnmiide fragment w^re fur^ pin^ homogenei^ before sq:«^li^^t^^ 

i^ pjrof^^ one anti|^cly seHe^ (^^ 

*];fd^ 

Mfi^^ preseii^e of mi«ol^^ m j^gme^t 1 

rstnicjbi^ r^itm^'miayiccoiu^^ the polj^fl^^ 



Introduction 



V The development|6f monoclonal antibody technology 
has pi^de^ anothe^ use^ tool for prpbm^ 
tiire and function rof proteins of biological iii^rest. 
Recently, several ktK)ratpries have reported on the^pro- 
. duc^on of monobional' antibodies r to differed 

v{7] :jmd: apoE i2,8].|;fniese wU^ yarious 
applications, iniclufliii^ iiniu and in 

investigations of receptor-binding domains of apoU- 
poproteins [14,15 J, the heparin-binding^ of ^poE 
[16] and the genetic polymorphism of apoB [17 

We have recently produced, monpclorial ; antibodies 
from mice immunised with human apoA-I. Seveiral of 
these have been shown to interact with different epi- 
topes and some of these epitopes have been localise to 



A Sbreviatrons: SDS-PAGE, sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis; PBS, phosphate-buffered saline; DMEM, 
Dulbecco's modified Eagle's medium; DSA, bovine serum albumin; 
HRPO, horseradish peroxidase. 

Correspondence: N. Fidge, Baker Medical Research Institute, P.O. 
Box 348, Prahran, Victoria 3181. Australia. 



particular;Vfragments^of , A-I . appUpoprotein resulting : 
frpm. cyanc^en bromide cleaya^^ describes 
the characterisation Of rttiese mohidblbriall^wtib 
. theif^^use in- identify^ stnictural;'site^;of^itliis'p^ 
logicallyimpdrtani applipbproteih. -^i ' ^-^ 



Materia ahd-M^tii^ -^^^^^Wv^^v^r? S^--^ 

' ExperimeM ■''^■,i,v^^'.'v.■4^^T^^^^^ 
' HDLj l'b85Tl^2 g/ni^ 
g/ml) .were obtained from''humah . plasma (R^ 
blood .bank) by. u|tracentrifijgaUon Vtf^~ 
ously [20]. After . washing once at. both lo^er and. upper 
densities, or until free of apo^ and. 
to Sbs-polyacryiamide gel electrophoresis (SDS-PAGE) 
and immunodiffusion analysis, the lipoprotein was di- 
alysed and then delipidated with chloroform/ methanol 
and ether [21]. HDL3 apolipoprotein was then dissolved 
in 6 M urea in 0.05 M Tris HCl (pH 8.0), dialysed for 
40 h against the same buffer, and appliexl to a Sephadex 
G-150 colunrn (5 X 200 cm) previously equilibrated with 
•he urea buffer. Fractions containing A-I and A-II 
apolipoproteins were separately pooled, dialysed and 
lyophilised and then analysed for purity by SDS-PAGE 
electrophoresis and immunodiffusion. If aecessaiy 
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apoA-I was rechromatographed until apparently homo- 
geneous by SDS-PAGE and by immunocheniical analy- 
sis. Amino acid composition and partial amino terminal 
sequence analysis confirmed the identity and purity of 
apoA-I (see below). 

Immunisation of mice 

Five female Balb/c mice were injected intradermally 
in multiple sites with 10-20 fig apoA-I in phosphate- 
buffered saline (PBS) emulsified with an equal volume 
of complete Freund*s adjuvant (CSL, Melbourne). The 
mice were boosted at 2-weekly intervals until precipita- 
tion lines could be detected by immunodiffusion; gener- 
ally 3-4 injections were required. 3 days before spleens 
were removed for cell fusion procedures, the animals 
were boosted intravenously with 10-20 fig (in 0.15 
ml)of apoA-1 in PBS (pH 7.4). 

Monoclonal antibody production 

The spleens were removed (one animal per fusion), . 
the cells were extruded and, after washing^ splenocytes ^ 



were mixed with NS-1 mouse myeloma cells and fused, 



second antibody was detected by adding 50 fil urease 
substrate (CSL), to cause a colour change in the wells 
from yellow to purple. 

Isolation of anti apoA-I immunoglobulin 

Ascites fluid at 4^*0 was precipitated by the addition 
of ammonium sulphate to achieve a final 45% satura- 
tion. After dialysis, the protein concentration was esti- 
mated by the Lowry procedure [23]. In some cases, the 
partially purified inmiunoglobulin was further purified 
by chromatography through protein A Sepharose 4-B 
(241. 

Immunoglobulin class determination 

Monoclonal antibody immunoglobulin class was de- 
termined using a mouse monoclonal antibody isotyping 
kit (MISOTEST-CSL). Samples were added to weUs 
coated with antibodies to specific heavy and light chains, 
and any positive reactions were detected using urease 
. conjugated antirmouse IgG Fab,.and urease substrate as ! 
previously described above. 




^ ■ low^ ; ^Uifugatioh':^^ of iicells ' iitf ;"^{ 

■'-^^ &m)|g^ 

2J4 weir plktes aiid-inoul^^ 
The medium was changed to DMEM cbhtsuning hypo^^ 
xanthine, aminopterine^^d t £md incubation l-p 

continued for a further 14 days when-niecUum without % 
'aimhopterinb Was subs^^^ 14 days atfter fUsiiig thej^^^ 
J supie^^ the pr&Mici^'p^ 

aiitiSody ; by^^ mi e^ immun ^a^say 

'\] (ELISA):^^<:ie^ wire *<aone^ 

- ' limiting dilution techiii^ues in 96- well riiicrotitre plates 
aid positi Umit-lS 

■ ;;ing (iilu tioiis. 'iSt^^^ cloned hy bndoma^- (5 ' X 1 0^^?^^ ] 

wei^ 'inject^' mtb^ Baljj/<6 m 

■ ammals shpw^ fliud^aixumu^ 
. the^;;Were;^ fluid collected! ^ : . ; 

Hybrido ' f . : 

: Supernaiants ur^fe screened for the presence of anti- 
body by the ELISA method as follows. Purified A I 
apolipoprotein was diluted in coating buffer (0.05 M 
carbonate buffer, (pH 9.6) to 10 /ig/ml and 50 fil 
aliquots were pipetted into weUs of microtitre plates 
and incubated overnight at 37*'C. After removal of the 
antigen, the wells were * blocked' with 0.5% BSA in PBS. 
Test antisera or hybridoma supematants were incubated 
in wells for 2 h at room temperature. Binding of anti- 
body (from test samples) was detected using urease-con- 
jugated rabbit anti-mouse IgG (Commonwealth Serum 
Laboratories) diluted 1 : 200, by incubation for 1 h at 




tnetlatii^ 

iodinatipn;the IgG was s^arat^ unbound I on , \^ 
a Sqrfwitex G-5Q j:olumn,,,ehited;Avit^ 
0,02,^^iSCMd^ Md^diidysedragam 

Mhes^ayniieib^^^ ^i^a;:^,. 'rv^'^'Hi^'r'^^^i^^^ 




■■plates (Linbro) > 
'apoA-Ii by'i^^^^ with 50 /il per well of 

antigai;i^pdAii> ^H) 'fig/rial) in^ating Sii^ [ 
I^^eO^ (pii 9jI^^ 
■; weUs^Hyeir^; vir^H^^^ PBS, and-thra npife^ 

binding: sit^^ Wodced^^th^lOO /il 1^6^ PBS>^^^ 
;cpntaming;Oil%i^^ h at roomi'ctemperature. : : '0 

llie blocking ibiiffer.w^^^^ 

furtherrt^r^^^^^ 20. Serial 3-fold ; ri 

dilutions* (from .l^^.m^ 

mohoclonal ajpoA-I antibody (ammonium sulphate frac- 
tion of ascites fluid) were added to some wells and, 50 fil 
of '"Wabelled monoclonal IgG (protein A purified, 
(5-10) • 10^ cpm, 10 ng protein) was added to each well 
and the plates incubated for 4 h at room temperature. 
The incubation medium was removed, the plates were 
washed four times with PBS/Tween 20 and well bot- 
toms were sliced off for counting in a Packard auto 
Y-spectrometer. The results were expressed as (B/Bq) x 
100 where B = cpm bound minus nonspecific binding 
and Bq == I cpm bound in the absence of competing 



room temperature. After washing the plates, bound antibody minus nonspecific binding. 



Cleavage of apolipoprotein 

Fragments of apoA-I were prepared by incubating 10 
mg apoA-I with a 500-fold molar excess of cyanogen 
bromide [26]. 

Fragments were dissolved in 6 M urea and separated 
by gel filtration through Sephadex G-SO and eluted with 
6 M urea in 0.02 M phosphate buffer (pH 2.3). Frac- 
tions were pooled, lyophilised and puriHed by reverse- 
phase HPLC as described elsewhere (unpublished data). 
The fragments were characterised by amino acid com- 
position and sequencing as described below. Four pure 
CNBr fragments, labelled CNBr,,4 were obtained and 
used in displacement experiments. 

Characterisation of CNBr fragments by the competitive 
. ^ ELJSA method 

96-well flat bottomed plates (DYNATECH) were 
coated with A-I (250 ng/150 fil) in coating buffer, (pH 
A V -S^^ i^.^), overnight at; 37**C, After washing and; blocking, ^ 
1()0 /il samples of competing protein (in duplicate) w 



then 30 min at 200 V and 2 h at 300 V) the gels were 
removed, and the proteins transferred to nitrocellulose 
(Bio-rad) by diffusion blotting at 37**C for 60 min. 
After blocking overnight at 4**C, the nitrocellulose 
sheets were incubated with monoclonal or polyclonal 
antibodies and bound antibody detected as described 
elsewhere [28]. 

Results 

The results of three cell fusions produced dozens of 
clones that secreted anti-apoA-I antibodies. Systematic 
testing of these antibodies (described below) revealed 
two main epitopes which dominated the expression of 
monoclonal antibodies under our conditions. The re- 
sults describe representative examples from many anti- 
bodies and large numbers were excluded from further 
characterisation since they did not recognise uniquely 
different antigenic sites of A-I apolipoprotein. All anti- 
: bodies selected for . further experiments were isbtypedr: 
(see Materials and Methods) .a^^^ found to he of the^ 




''^incubated ih eacn^weU for I h at room temperature. The^^^^ ' l^ 

, ./^-i^airipmtjof 'i^ntibiody boiuid;^as/dete9t^. using ho3^erar;;^^^.,w:ries;^^ 
^^^.^^sh^pi^^ 

\rjyl^i^^ i;|76-mM,,hydK^^ . vcamc^ 

~ ihvFig;>cfij4Sine^^ 

I asatesj^w^ of , * 

thfe precise^ 

'procedures:^ ■ ^vV^^ V^^^ b . are therefore- expr^ed as - 





- iii^ l?^^??^^ pwe^rejof 

, ^ HRPQ-<>onju^^ secoild £i^ti^^^ Bio- 
' Rad, Protein' concentrations; w the 
; Llowiy prcK^ure [23], Amino ^^c^^^^^^ per- 
formed on the Beckman 6300 analysCT:^^^ 
ysis in 6 M HCl in sealed evacuateclliydrolysis tubes for 
22 h at 1 10 C. Sequencing of apoA;I was performed on 
the Applied Biosystems 470A sequencer with an on line 
120 PTH analyser. 

Isoelectric focusing was performing on 8 X 7 cm 7.5% 
polyacrylamide slab gels (0.75 mm) in the Mini Protean 
11 electrophoresis chamber (Bio-Rad). Gel solutions 
contained 6 M deionised urea and 5% Pharmalytes (pH 
4-6.5, Pharmacia) and proteins or peptides were dis- 
solved in urea or pharmalytes (diluted 1:5) prior to 
focusing. At the completion of focusing (comprising 
prefocusing for 20 min at 100 V, loading of samples, 



, displaced^ therradiolabel andl werel sinulari ^uv that . disr 
^ placement was achieved at nighest, poncentrations:pf^the 
; antibody ^ : U h labelled 2) * A-^lft and|^1 Af^| ^|/am^ 
however^ produced'ho displacenieni;vey^ 
centratipns. Since 2 A-I^ arid 3 Avif/ are appare 
unrelated to the epitopes recognised- by 7 A-I^, similar 
experiments were performed with radioiodinated 2 A-l" 
(Fig. 1, middle panel). This was displaced by unlabeiled 
2 A-I^ and 3 A-I ^ but not by 7 A-I^ and 9 A-l^ whic . 
strengthened the obseivations of Fig. 1, top panel, that 
antibodies 7 and 9 A-I^ did not bind at or near the 
epitope for 2 A-I^. Another antibody, 4 A-I® was 
labelled and could be displaced with unlabelled 4 A-I®, 
2 A-l"* and 3 A-I® but not by 7 A-I® and 9 A-I® (Fig. 1, 
bottom panel). These data (Fig. 1) suggest that antibod- 
ies 2, 3 and 4 A-1® recognised one epitope, whereas 7 
and 9 A-i® share a different epitope of apoA-I. 
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four peptides generated by cyanogen bromide cleavage 
of apoA-I was established from their amino acid com- 
positions which closely agreed with expected values. 
CNBr fragment 1, the amino terminal pq>tide, com- 
prised residues 1-86; CNBr fragment 2 spans residues 
87-112; CNBr fragment 3, residues 113-148; while 
CNBr fragment 4, the carboxy terminal peptide, spans 
residues 149-243. 

Hie CNBr fragments were used in competitive dis- 
placement experiments in which the ability of intact 
apoA-I or fragments to compete with bound apoA-I for 
a monoclonal antibody was tested as described above. 
The binding of 2 A-I^ (Fig. 2) to apoA-I was displaced 
by whole apoA-I, a mixture of CNBr fragments (equiv- 
alent to A-I) and CNBr fragment 1 which competed 
veiy effectively at much lower concentrations than 
apoA-I or fragment 4. Fragments 2 and 3 did not 
compete for 2 A-I^ binding to solid-phase bound apoA- 
I. Binding of 3 A-I^ to apoA-I was also inhibited by 
apoA-! and by a mixture of fragments, , whereas frag- 
ment 1 inhibited binding at much lower concentrations, 
suggeisting it was a pore effective com^ 
'^"'^ents*2;aind'3'did^ not i---— ■ '^^'^'^'■^ ' ' ' 




O' 2 A-I?'.iwd:in multiwel); plates coated; with apoA*I. Bound nSiib-' $' 
label was;detect^Wd|^<^^^^ 

A-I° : y/a^ incubated: with unlabelled antihodies as described above. • 7; 

Bottom powW v??Irlabelled 4 A-I^ was incubated as described above, V» 
and in addition with ^unlabelled. 4 A-!°. The data is shown as % . /. 
B/Bq vs.^ reciprocal of antibody dilution. Starting concentrations of 7 
A-l^ 2 A-I^ and 4 A-I* were 30, 100 and 1000 fig/ml, respectively. 

Further competitive displacement experiments (not 
sh wn) revealed that antibodies 1 -> 5 A-I^ shared one 
common epitope, and differed from 6 10 A-I® which 
recognised another distinct site on apoA-I. 

Location of epitopes 

CNBr fragments of A-I apolipoproteih were obtained 
as described in Materials and Methods. The identity of 



hibited^by: apoArl, a niixture of TGNBr frameiite and: 
fra^ent 3,; wherei^ 1,;2 and .4 [were unable ; . 

to compete. CNBr fragment 3 competed .at lower con- 
. centxatiohs than ei^er apbi\-I oir a n^tdre'^ b^^^^^ 
' mOTtsl^^^^ ais the bdmpj^^ were 

used - at ;eqiuvaient 'pro~ti^^^^ arid' nbtrat ! : 

equimolar amoimts. ~ ;v4 ^ ^ , : - \ . v 

V ;9'A^I^ bin^^ A-I V^as^^^ 

inhibit^'^by fragm wd^a v^irw^ oh iailf l-' 

foui- f^ra^ents but not by fra ? " 

^-;iTtee^ thie^roup 
^bodie^ 

' w^d| iirag^ment^^ 
abbx^i^^ an^epitOfh^^OT^ 
CNBt^r^ apbA^, by r 

hii^^i^nc!^^ wW also observed. To* 

resolye^t^^^^ which OIBr rfragments/aie 

Fea>gnised by the antibody/ individual ^ : 
were subjected to isoelectric focusing and analysed by 
an immuiibblotting procedure. The position of CNBr 
fragments 1, 3 and 4 as weU as whole apoA-I were 
immunolbcalised with anti-apoA-I polyclonal antibod- 
ies (Fig. 3, lanes 5-8) which also demonstrated that 
CNBr fra^ent 1 comprised several acidic is forms and 
fragment 4, at least 3 basic isofonns. A duplicate set of 
strips incubated with McAb 2 A-I^ only reacted with 
CNBr fragment 1 and not fragment 4 (lanes 2 and 4, 
respectively) establishing that the epitope recognised by 
2 A-I® resides in fragment 1. 
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< ' ; ' ><H ; ■ : ' r " iragnieiiis.:Anuooay pinaing was oetermmed by compeuuve tLlSA asdescnbed in-Maierials and Methc^ ^ = 



r pro^iei^ of aitibi^^ 



.apoA-I not against any ptherT^^appUpoprote 

'pr^iSiMif ^ " " 




: ajgaiiuit|^;hun^^ were ■ 

id^fitifiednby compSiUve^ 



vIsuggiest^thaf^A 

r^Vrkr^: fully exposied as there wasi i^^^^^^ 
: tiUbn bet^i^^ 

■ , ' ' ' ;-'■'' ■;•** ^ 

Apoiipoprotein specificity 4 v ■ 

Monoclonal antibodies were also tested for mono- 
specificity to apolipopioteins which are possible con- 
taminants of the apoA-I used for immunising mice. 
Immunoblots of monoclonal antibodies 2 A-I^ (a); 7 
A.I», (b); and 9 A-I^ (c), are shown in Fig. 5. After 
elxtrophoresis (in lanes 1-5) of a mixture of 
apolipoproteins (A-I, A-II, A-IV and E) and albumin, 
electroblotting and blocking, five strips were incubated 
with one of the McAbs and the position of the bound 
antibody detected with HRPO-conjugated second anti- 
body. Strips 2-5 were then reincubated with polyclonal 



idefitifi^nby competi^^ 
gested that production pf jhese;'McAbV wj|s influence 
by two major antigenic detenninants (epitopes) of 
apoA-I which were subsequently locahsed to CNBr 
fragments 1 and 3. In this respect, the present study 
shares the experience of other laboratories [4,29] which 
have also produced monoclonal antibodies reacting 
against amino-terminal or internal regions of apoA-I. 
Only two recent studies report on the production of 
McAbs which bind to the carboxy-terminus of apoA-I 
[6,30]. 

Furthermore, our experience demonstrates the im- 
portance of using purified CNBr fragments and analys- 
ing individual fragments using an approprialc Sep- 
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Fig. 3. Detemunatioh of antigen binding site by tnununoblotiing. ' ^ 
; : Native apoA-I and CNBr fragments of apoA-I. were se^ 
k ' isoelectric focusing ion! urea-polyacrylanucle gels (using phannalytes in 
>.^^the /aoge pH 4-6.5)» eiixtrbblotted;om^^ 1f 
;>incubated wath moncclonc^^ as descnbjM in^^^ || 

y ;MeUi(^^ 1 -4 andsS-6; were, incubated . with; monpcloiial anti- ; l^r 




Fig. 5. Inununoblotting of apoA-I monoclonal antibodies. Mixtures of 
apolipoproteins A-l. A-il and A-IV and albumin were applied to 
SDS-polyacrylamide gels, transblctted onto nitrocellulose sheets and 
incubated with antibodies as described in Materials and Methods. All 
nitrocellulose strips were first incubated with an ,apoA-I monoclonal ; 
- wUbody foUowed by HRPO^cxinjug^t^^^ 

V colour deyeloped. Separate strips wereiSra reihcwi&ated yAlh i «Uicr ^ 
albuimn."(lV w^^ 1, 2; aifiii''3 to 2 t 



raration system. Where tlie competitive inlubitipn stiicUes^ 
'failed to ;Qompletely resolve; iden^^ bf epitbpes 

;the isTOle^^^^ used nere to || 

irecoj^a^ ifesicied^oiKft^n 

not 4. The partial inhibition by fragm have 
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Cornpettng antigen ng/100^ 

Fig. 4. Lipoprotein specificity of monoclonal antibodies in ELISA 
system. 8 A-I" (left panel) and 2 A-I^ (right panel) were incubated 
with competing antigen a apoE, o LDL, ▲ HDLj, • apoA-I and B 
HDLj in multiwell plates coated with apoA-I. Bound antibody was 
detected with HRPO-conjug'ited second antibody as described in 
Materials and Methods. 



been du^ tO; some cpntai^ by fragment 1 or to ;v 
the presence ;6f a conforriiatibhal epitope coi^ 
1)oth €NBr fi%riditsl^^k^ 4; llieaifficuJiy 
i.ng}McXbs 

jthe;&w&^ ^tKaiJslij^gKe^ 
:tipn;oraqt^^ 

when' the -naiUv^^^ is u^ied as^i^tig^/ 1^ ' 

antigeiy ;!oPapoA-i . may b^ >r m 

intact .HDL is iised to. inunum , 
feld^fet^ai;^ piJiJrej^orti&d ^ the (iTtenmnsa^^^ of ^ 
appATi ,w^s ;mpi^e,^:reactive^ the ; r . 

, Nfterato the: fact that this pr6tein 

as moire exF^^ of HDL. . \ ; : ^ 

Ine Ae^p^ resulting f^iri CNBr^ ■ 

cleavage of apoAti >vere first purified by reverse-phase \. 
HPLCj before screening by the isoelectric focusing- . 
Western blot system, thus confirming their identifica- 
tion as epitope markers. The technique enabled us to 
inununolocalise the epitope of McAb 3 A-I" to CNBr 
fragnient 1 and furthermore established the presence of 
microheterogeneity in fragment 1 as well as in fragment 
4. This latter finding supports the suggestion of Weech 
et al. [4] that several regions of apoA-I are polymorphic 
and studies are presently in progress to further investi- 
gate the nature of this microheterogeneity. 

Some of the physiological functions suggested foi 
apoA-I include a role as activator of lecithin-cholesterol 



90 



ioyltransf erase [32], lipid binding [33] and serving as a 
ligand for a putative HDL receptor [34]. A global 
library of McAbs directed towards different epitopes of 
apoA-I will provide researchers with tools to probe the 
various active regions of this important plasma poly- 
peptide and the antibodies reported in this study may, 
in conjunction with other panels of McAbs available 
elsewhere, serve a useful role in these investigations. 
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